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I. INTRODUCTION 
NASA Contract No. NSR 26-002-083 c a l l s  fo r  Midwest Research 
Ins t i t u t e ' s  Biomedical Applications Team t o  conduct a program aimed a t  the 
t ransfer  of applicable aerospace technology t o  secondary applications. 
tasks c a l l  fo r  the MRI Biomedical Applications Team to: 
Two 
1. Conduct a planning study t o  provide a framework f o r  matching 
aerospace technology t o  needs and problems i n  the area of water pollution. 
Based on the resu l t s  of the planning study, a minimum of 12 specific problems 
i n  the area of water pollution are t o  be selected and the applicabili ty of 
aerospace-generated technology as potent ia l  solutions t o  each of these 
problems i s  t o  be determined. 
2 .  Provide f ive evaluation reports together with retrospective 
searches for  selected public sector problems which w i l l  be aided by the 
application of aero space - gener a t  e d techno logy. 
11. ACTIVITIES ON WATER POLLUTION PROBLEMS 
A meeting was held a t  the Federal Water Pollution Control 
Administration (FWPCA) i n  Washington, D. C., on 19 December 1968. 
lowing persons attended t h i s  meeting: D r s .  A.  F. Forziati  and C. C. Harlin, 
FWFCA; R. Bivins, NASA-TUD; D. Bendersky and A. Winfrey, MRI .  M r .  Bivins 
presented the overall  objectives of the RASA Technology Uti l izat ion Program 
and described the specific objectives of the NASA contract with MRI. 
Bendersky and Winfrey described the procedures used t o  determine the ap- 
p l i cab i l i t y  of aerospace technology t o  secondary applications. It was re- 
quested tha t  the FWPCA submit a l i s t  of water pollution problems from which 
12 problems could be selected for  processing. 
The fo l -  
Messrs. 
Twenty-two problems, given i n  the Appendix, were received from 
the FFSPCA on 1 7  February 1969. 
indicated tha t  there i s  a good poss ib i l i ty  t ha t  there i s  aerospace tech- 
nology which may be applicable t o  Problems Nos. WP-3, WP-5, WP-7 and W-8. 
Computerized searches of the aerospace l i t e r a t u r e  re la ted t o  these four 
problems have been in i t i a t ed .  
plicable t o  Problems Nos. WP-4, WP-6, WP-9, WP-10, WP-11, WP-12, WP-15, 
WP-16, WP-17 and WP-19. 
searches be conducted on these l a t t e r  10 problems. 
under consideration a t  the NASA-TU Division. 
An i n i t i a l  screening of these problems 
There may also be aerospace technology ap- 
It i s  recommended tha t  preliminary l i t e r a t u r e  
This recommendation i s  
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111. ACTIVITIES ON PUBLIC SECTOR PROBLEMS 
I n  Quarterly Report No. 2, it was proposed tha t  the e f fo r t  on 
Task No. 2, public sector problems which may be aided by the  application of 
aerospace technology, be devoted t o  the area of weather research. 
24 February, M r .  Bivins, NASA-TU Division, not i f ied I@. Bendersky, MRI 
Biomedical Applications Team, t h a t  t h i s  proposal has been accepted by NASA. 
Problems i n  weather research are  t o  be submitted by the Federal ’Bureau of 
Reclamation, Denver, Colorado. The MRI Biomedical Applications Team i s  t o  
select  s ix  of these problems for  processing. 
On 
IV. PLANS FOR.”€IE NEXT QUmTER 
1. Searches fo r  aerospace technology which may be applied t o  
the solution of  water pollution Problems Nos. WP-3, WP-5, WP-7 and WP-8 
w i l l  be conducted. The search resu l t s  w i l l  be analyzed and reported. 
2. Upon receipt of approval from NASA-TUD, searches fo r  applicable 
aerospace technology w i l l  be conducted on eight additional water pollution 
problems. 
3. Six problems i n  weather research w i l l  be selected from the 
l i s t  of problems t o  be submitted by the Federal Bureau of Reclamation. 
Searches fo r  applicable aerospace technology w i l l  be conducted. 
2 
APPENDIX 
WATER POLLUTION PROBLEMS SUBNITTED BY THE FWPCA 
3 
"EF.FECTS OF O I L  SPILL CONTROL ADDITIVES" 
PROBLE3f NO. WP-1 
WHAT IS NEEDED: 
Ecologic e f fec ts  produced by the use of each specific dispersant, adsorbent, 
sinking agent, gel l ing agent, etc. ,  considered f o r  use i n  cleanup of o i l  
s p i l l s .  
BACKGROUND: 
Serious damage may be caused by indiscriminate use of some of these sub- 
stances. 
Safe materials, i f  any, w i l l  be recommended fo r  stockpiling, or contingency 
plans w i l l  be based on other means of cleanup. 
SUBMITTED BY: FWPCA 
Ti t le :  
Nme: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
"OIL POLLUTION MONITORING EX IMPROVED AND NEW METHODS" 
PROBLEN NO. WP-2 
WHAT IS NEEDED: 
Methods for  ident i f icat ion and quantitation of o i l  pollutants i n  coast and 
estuary waters need t o  be developed and new methods correlated so as t o  
improve "fingerprint" and "sensit ivity" capabi l i t ies .  Infrared and gas 
chromatography methods need t o  be improved i n  sens i t iv i ty  and specif ic i ty  
fo r  t h i s  par t icular  kind of pollution. The analysis of t race compounds and 
elements inherent i n  the pe t ro lem products should be fur ther  developed and 
new, substantially more sensit ive and more general methods need t o  be ap- 
pl ied (neutron activation analysis and isotope di lut ion methods). 
BACKGROUND: 
Monitoring of coastal  and estuarine waters fo r  petroleum product pollution 
i s  an important par t  of the IWPCA mission. Surveillance and standards 
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implementation require continual development and application of be t te r  
methods i s  apparent. 
A s  these several methods begin t o  obtain useful results, they w i l l  a l l  be 
correlated and analyzed v i a  electronic data processing with the  goal of 
specification fo r  any sample of i t s  or iginal  geographic source, i t s  indus t r ia l  
processing history,  and i t s  probable ecological behavior i n  the given case. 
This information would be available throughout the U. S. A. and, with the 
cooperation of o i l  producing and manufacturing nations, throughout the world. 
Since these methods are par t icular ly  amenable t o  automation, further projects 
leading t o  automation and use as Standard Procedures would be proposed. 
SUBMITTED BY: FWPCA 
Ti t le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/5/69 
"AERIAL SURVEILLANCE OF WATER QUALITY" 
PROBLEM NO. WP-3 
WHAT IS NEXDEID: 
Development of methods, techniques and equipment t o  determine re la t ive  
water quality, and t o  detect changes due t o  pollution, pollution sources, 
and character of pollutants by ae r i a l  observations, surveys and photographs. 
BACKGROUND : 
Water quali ty and pollution determinations by a e r i a l  surveys offer  one of 
the quickest and l e a s t  costly methods known a t  t h i s  time. It w i l l  be of 
considerable value t o  the water pollution control program if  t h i s  method 
can be developed fo r  regular use. 
Results w i l l  be used i n  developing Regional surveys, investigations and 
surveillance ac t iv i t i e s .  Information w i l l  be made available t o  s t a t e  water 




Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Division of Water Quality Research, R&D 
Date: 2/4/69 
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"TASTE AND ODOR CAUSES AND COIlTROLS" 
PROBLEM NO. WP-4 
WHAT IS PIEWED: 
What causes t a s t e  and odors i n  water; and how can these t a s t e s  and odors 
be prevented? 
BACKGROUND : 
I n  Water Quality Standards we have t a s t e  and odor c r i t e r i a .  We need to 
know the cause and prevention so we can suggest treatment and operation 
tha t  w i l l  help control the problem. 
Information obtained w i l l  be used t o  prescribe needed treatment and 
control. 
controls i n  order to meet Water Quality Standards c r i t e r i a .  
The controls might per ta in  to waste handling and/or reservoir 
SUBMITTED BY: FWPCA 
Ti t le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
"DEVELOP RENOTE SENSING AND/OR MONITORING SYSTEMS 
FOR RADIOLOGICAL PARAMETERS" 
PROBLEM NO. WP-5 
WHAT IS  NEEDED: 
Design a sensor o r  monitoring system which w i l l  automatically measure and 
record emissions i n  streams o r  impoundments a t  remote locations with minimal 
operation and maintenance. 
BACf(l;ROUND: 
Basic data collection at  f a r  dis tant  sampling points, i n  the Southwest 
Region, i s  time consuming and expensive. Present and foreseeable personnel 
ceil ings preclude collection of continuous o r  highly frequent data, needed 
t o  define radiological pollution patterns. 
6 
Such uni t s  would be employed a t  remote sampling locations i n  the Southwest 
Region. 
SUBMITTEDBY: FWPCA 
Tit le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
"NUTRIEXTT ANALYSES, PHOSPHATE AND AMMONLA" 
€!ROBLE34 NO. WP-6 
WHAT IS NEEDED: 
Development of more sensit ive,  accurate and sat isfactory methods f o r  de- 
termination o f  the nutrients,  phosphate and ammonia, i n  waste and waste 
receiving waters. 
BACKGROUND: 
Control of eutrophication requires control of nutrients;  control of nutrients 
requires t ha t  determinations of phosphate and ammonia concentrations i n  
waste and waste receiving waters be made accurately. 
Results w i l l  be used where conditions indicate a requirement i n  Regional 
laboratories. 
water pollution control agencies i n  the Region. 
The r e su l t s  w i l l  also be made available f o r  use by other 
SUBMITTED BY: FWPCA 
Title:  
Name: A. F. Forziat i  
Acting Assistant Director o f  Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
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"SIMPLIFY DETERMINATION OF RADIUM 226" 
PROBLEM NO. WP-7 
WHAT IS NEEDED: 
A method as accurate o r  more so than the one i n  use, but which does not 
require the consumption of costly material, such as platinum. 
BACGROUND : 
l b t en t i a l  pollution i s  very great i n  the Colorado River Basin by wastes 
from uranium and other radioactive metal mining and milling operations. 
Surveillance requires frequent determinations of radium 226. 
the cost of these determinations i s  essent ia l .  
Decreasing 
The simplified determination w i l l  be used i n  Regional laboratory determinations, 
and w i l l  be made available t o  a l l  FWFCA laboratories and t o  a l l  water pol- 
lut ion control agencies where radioactive wastes are,  o r  may be, a problem. 
SUBMITTED BY: FWPCA 
Ti t le :  
Name: A. F. Forziat i  
Acting Assistant Director of Ignysical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
"TKF: UTILITY OF LASERS FOR LABORATORY A.NA.LYTICAL EQUIPMENT" 
PROBLEM NO. WP-8 
WHAT IS NEEDED: 
New and improved laboratory analyt ical  equipment fo r  detection and quanti- 
f'ying of pollutants i n  water samples. 
BACKGROUND : 
New laboratory equipment i s  needed t o  shorten the time interval  between 
obtaining a sample and reporting resu l t s .  
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Results w i l l  be used i n  the development of more modern analyt ical  'equipment. 
SUBMITTED BY: FWPCA 
Tit le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
"CORRELATION OF I. R. IMAGE23Y W I T H  OTHER WATER QUALITY PARAMETERS" 
PROBLEM NO. WP-9 
WHAT IS NEEDED: 
Can remote sensing be used t o  determine the concentration of dissolved 
oxygen, sa l in i ty ,  nutrients,  coliform organisms and/or other parameters i n  
sal ine and fresh waters? 
BACKGROUND: 
Result would be a great saving i n  time and money involved i n  sampling and 
pollution surveillance. 
Can be used i n  studies involving predictive models; routine surveillance; 
enforcement actions; emergency conditions. 
SUBMITTED BY: FWPCA 
Ti t le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/5/69 
"UTILITY OF ACTIVATION ANALYSES FOR THE MEASUREMENT OF POUWmS" 
PROBLEN NO. WP-10 
WHAT IS NEEDED: 
Large expenditures have been made for laboratory activation analyses equip- 
ment i n  connection with our lunar probe program. This i n s t m e n t a t i o n  m y  
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have some u t i l i t y  i n  the f i e l d  of water pollution control and i ts  u t i l i t y  
should be investigated. 
BACKGROUND : 
A s  investigation of the u t i l i t y  of activation analyses for  the measurement 
of pollutants i s  needed for  the development of new and improved laboratory 
analyt ical  equipment. 
Results can be used i n  the development of new laboratory equipment which 
w i l l  precisely measure quality and quantity of pollutants i n  water samples. 
SUBMITTEDBY: FWFCA 
Ti t le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/5/69 
"INPROVED MEASUREMENT OF BOD PAEUDETERS" 
PROBLEM NO. WP-11 
WHAT IS  NEEDED: 
(a )  Better means of evaluating waste treatment plant efficiency i n  modi- 
fying the BOD character is t ics  of the waste, including t o t a l  amounts and 
r a t e  constants for  various components and lag factors  as may be necessary 
t o  adequate characterization. Development of standard methods usefhl fo r  
plant control and surveillance. 
the eff luent  plus-receiving-water mixtures, taking into account stream o r  
marine environment, so tha t  a standard method fo r  re l iab le  modelling and 
prediction of e f fec ts  i n  the receiving water can be provided. 
(b) Extension of the above methods t o  
BACKGROUND : 
The five-day BOD t e s t  i s  t o t a l l y  inadequate f o r  program needs, and a method 
fo r  routine determination of r a t e  constants and BOD'S i s  essent ia l .  The 
method should ideally be responsive t o  conditions of the receiving water 
environment. The va l id i ty  of' mathematical modelling resu l t s  i s  a t  stake. 
1. In t e s t s  t o  characterize waste waters, t rea ted  effluents,  and natural  
waterg,either clean o r  polluted, and to evaluate efficiency of biological 
waste treatment processes. 2. To co l lec t  data required as input fo r  
10 
mathematical models, which are used in planning for plant design and all 
phases of water quality management. 
SUBMITTED BY: m A  
Name: Louis Swaby 
Title: Technical Assistant 
Organization: Division of Water Quality Research, R&D 
Date: 2/5/69 
"THE ORGANIC COIYI'ENT OR EUTROPHIC LAKE SEDlNE8"S IN ITS 
CONTRIBUTION TO HETEROTROPHIC ALGAL METfIBOLISM" 
PROBLEM NO. WP-12 
WHAT IS NEEDED: 
What organic compounds are contained in the sediments of a typically 
eutrophic lake? 
growth? 
an energy source for  growth in the dark? 
Are any of these organic compounds stimulatory to algal 
Are blue-green algae capable of using these organic compounds as 
BACIGROUND : 
Several investigators have theorized that the growth of blue-green algae 
in lakes is initiated at the sediment-water interface where sunlight is 
either absent or limited. If this is so, it follows that these algae must 
be employing an energy source, other than sunlight, to carry out their meta- 
bolic functions. In the case of limited light, the sediments may be pro- 
viding the algae with essential growth factors. 
The results will add to the fundamental knowledge of the factors affecting 
blue-green algal growth and perhaps to the understanding of the cause and 
control of blue-green algal blooms. 
SUBMITTED BY: FWFCA 
Name: Hend Gorchev 
Title: Technical Assistant 
Organization: Division of Water Quality'Research, R&D 
Date: 2/4/69 
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"NUTRIENT CYCLTNC; AND GROWTH OR PHOTOSY1\PTHETIC ORGANISMS 
I N  COASTAL WATERS" 
PROBLEM NO. WP-13 
WHAT IS NEEDED: 
Establish the dependence of photosynthetic organisms on combined,effects of 
sa l in i ty ,  temperature, mixing and nutrients,  especially nutrients cycled 
between deposited materials and overlying water and nutr ients  cycled between 
nearshore waters and deep offshore waters. 
BACEROUND : 
The growth of photosynthetic organisms represents one of the most delicate 
balances between high value water quali ty and polluted water, some degree 
of growth being necessary for  harvestable production and too much producing 
noxious conditions. The oxygen production and demand functions also con- 
t r ibu te  t o  the diurnal f luctuation of the dissolved oxygen balance, which 
can be c r i t i c a l  for  some estuaries.  To prevent new problems and t o  solve 
those i n  existence, it is necessary t o  evaluate what degree of growth con- 
t ro l jcan  be achieved with sediment removal, treatment of discrete waste 
streams, diversion of  waste streams and coastal  currents. 
Used i n  and t o  improve existing assessment techniques available t o  water 
pollution control authorit ies.  This w i l l  improve t h e i r  a b i l i t y  t o  decide 
on acceptabili ty of waste discharge practices and t o  recommend surveillance 
and control programs. 
suBiMITTF,DBY: FWPCA 
Name: Hend Gorchev 
Title:  Technical Assistant 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
"MEAsuREbENTS OF CHEMECAL, BACTERIAL, AND BIOLOGICAL 
INDICES OF WATER QUALITY" 
PROBLEM NO. WP-14 
WHAT IS NEEDED: 
Field instrumentation (both portable! and fixed) i s  needed which can 
rapidly measure (preferably automatically) the following indices : bacter ia l  
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density (esp. coliforms) , pyhtoplankton (density, and concent-rations of 
organic nitrogen, ammonia nitrogen, n i t r a t e  nitrogen, organic phosphorus, 
inorganic phosphorus, t race organics, biodegradable organic material, t o t a l  
solids,  suspended solids,  t race metals, cyanide, and other toxic materials. 
BACGROUND : 
The indices l i s t e d  must be measured frequently i n  order t o  evaluate com- 
pliance with water quali ty standards and wastes being discharged t o  water- 
ways. 
SUBMITTm BY: FWPCA 
Name: Louis Swaby 
T i t l e :  Technical Assistant 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
"TASTES AND ODORS" 
PROBLEM NO. WP-15 
WHAT I S  NEEDED: 
Need specif ic  analyt ical  techniques t o  judge t a s t e  and odors. 
BACGROUND : 
Tastes and odors remain the most vexing problem of water treatment plant 
operation i n  public water supplies. 
The techniques would be used i n  plant design and plant operation. 
SUBMITTED BY: FWPCA 
Ti t le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/4/69 
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"REZIABLE WATER QUALITY MONITORING EQUIPMENT TO OBTAIN 
NEEDED BASELINE DATA I N  RENOTE AREAS" 
PROBLEM NO. W-16 
WHAT IS I'EEDED: 
Development of a self-contained monitor un i t  which w i l l  provide re l iab le  
service and dependable accurate data without extensive service and frequent 
repairs.  , 
BACEROUND : 
Due t o  the large physical area of the region's responsibil i ty and the dif- 
f i c u l t i e s  of t rave l  a t  some seasons of the year, it i s  imperative tha t  a 
means be developed t o  provide fo r  the automatic collection of water quality 
data for  cer ta in  parameters i n  order t o  f u l f i l l  our responsibil i ty for  
maintenance of a surveillance program. 
t o  frequent hydraulic and mechanical problems and require routine servicing 
a t  a too frequent r a t e  t o  permit t h e i r  extensive use without a considerable 
manpower force for  service and repair .  
Present monitor un i t s  a re  subject 
A re l iab le  monitor un i t  would f a c i l i t a t e  the collection of basic data a t  
a suff ic ient  number of locations adequate t o  develop a suitable data base 
for  the major streams of the basin area. 
. t h e  regional surveillance ac t iv i t i e s  could be greatly increased without a 
substantial  increase i n  manpower support for  monitor service. Such an 
instrument would also be of value throughout the country i n  reducing sup- 
port  e f fo r t s  required fo r  surveillance ac t iv i t i e s .  
With a re l iab le  monitor uni t ,  
SUBMITTED BY: FWFCA 
Ti t le :  
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Organization: Division of Water Quality Research, R&D 
Date: 2/5/69 
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" I D ~ I F ' I C A T I O N  OF ALGAL BLOOMS AND AQUATIC l?lXNT GROWTHS 
I N  LAKES BY MEANS OF AIRBORNE REMOTE SENSIW TECHNIQUXS" 
PROBLEN NO. W-17 
WHAT IS NEEDEB: 
Instrumentation should be developed which, when positioned aer ia l ly  by 
a i r c ra f t  or s a t e l l i t e ,  possesses the capabili ty of sensing the presence of 
a lgal  blooms or dense growths of emergent or submergent higher aquatics. 
This instrumentation should be able t o  a t  least distinguish among major 
types of algae, i.e., diatoms, greens, and blue-greens, and,for maximum 
usefulness, should be capable of "seeing" into the water t o  some depth 
as well as merely sensing s t r i c t l y  surface phenomena. 
These techniques would make possible rapid, convenient, and nearly continuous 
surveillance of en t i re  lake regions f o r  the purpose of early detection and 
continued monitoring of eutrophication processes as indicated by the ap- 
pearance of a lga l  blooms. 
cable t o  the Great Lakes and other large bodies where eutrophication rates 
are  non-uniform and where synoptic obskrvations are  very d i f f i cu l t  t o  obtain. 
The techniques would also be par t icular ly  appli- 
Such instrumentation, if  developed, could be used by the National Eutro- 
phication Research Program t o  develop a monitoring routine i n  various lake 
areas and on the Great Lakes. If successful satell i te-borne equipment should 
become available, surveillance on a world-wide scale, including oceans as 
well as lakes, could be carried >ut. Such observations would be valuable 
i n  the study of long-term eutrophication trends and i n  the ident i f icat ion 
of problem areas re la ted  t o  pollution by aquatic plant growth stimulants. 
SUBMITTED BY: WFCA 
T i t l e :  
Organization: 
Name: A. F. Forziati  
Acting Assistant Director of Physical Sciences 
Division of Water Quality Research, R&D 
Date: 2/5/69 
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"DEYELOP REMOTE S E N S E  AND/OR MONITORING SYSTEMS FOR OIL" 
PROBLEN NO. W-18 
WHAT IS NEEDED: 
Design a sensor o r  monitoring system which w i l l  automatically measure and 
record concentration of o i l  i n  stream or  impoundments a t  remote locations 
with minimal operation and maintenance. 
BACKGROUND : 
Basic data collection a t  far dis tant  sampling points, i n  the Southwest 
Region, i s  time-consuming and expensive. Present and foreseeable personnel 
ceil ings preclude collection of continuous or highly frequent data t o  de- 
f ine  o i l  pollution patterns.  
Such uni ts  would be employed a t  remote sampling locations i n  the Southwest 
Region. 
SUBMITTED BY: JNPCA 
Title:  
Organization: 
Name: A. F. Forziat i  
Acting Assistant Director of Physical Sciences 
Division of Water Quality Research, RSCD 
Date: 2/4/69 
"TKE USE OF LASERS FOR AIRBORNE SURVEILLANCE" 
PROBLEM NO. WP-19 
WHAT IS NEEDED: 
Whether o r  not gas, crystal l ine,  or l i qu id  lasers can be u t i l i z e d  i n  the 
airborne water quali ty surveillance of bays and estuaries.  
BACGROUND: 
Current technology i n  the area of water quality surveillance of bays and 
estuaries r e su l t s  i n  programs which are  time-consuming and expensive. 
and improved water quali ty surveillance methodology tha t  w i l l  produce 
instantaneous resu l t s  i s  needed. 
New 
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Results from this project will be used for the development of well-managed 
water quality surveillance and monitoring systems in this nation's bays 
and estuaries. 
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"EFFECTS OF AX% BLOOMS IN AN ESTUARY" 
PROBLEM NO. WP-20 
WHAT IS PTEZDED: 
1. Does the decomposition of algalblooms cause a significant dissolved 
oxygen depletion in the estuaries of the Middle Atlantic Region? 2. 
the growths of algal blooms dependent on the nutrient concentrations in 
waste water discharges: 
will result in excessive algal growths? 3. Will the reduction of the 
nutrients in waste water discharges to the estuaries result in a significant 
reduction in algal blooms with a subsequent improvement in water quality? 
4. 
an estuary by increased nutrient enrichment? 
Are 
If so, what are the threshold concentrations which 
Are there any ecological benefits to be derived from the enrichment of 
BACKGROUND: 
With current technology, the removal of nutrients from waste waters is an 
expensive process. Before large sums of money are expended to expand treat- 
ment facilities to include nutrient removal, it is important to be able to 
predict accurately the benefit, in terms of water quality enhancement, which 
may be realized from such removal. Also, it is possible in some estuarine 
areas increased enrichment may yield considerable social and economic benefits, 
i.e., increase in fish population and harvesting of algae for food. 
The results will be used to evaluate the benefits to water quality enhance- 
ment to be derived from removing nutrients from estuarine waste water'dis-. 
charges. 
Estuaries. 
Specific applications would be in the Potomac and James River 
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"THE ROLE OF ATMOSPHERIC €" NUTRIENTS I N  THE 
EUTROPHICATION OF NA- WATER" 
PROBLEM NO. W-21 
WHAT IS NEEDED: 
What concentrations of essent ia l  plant nutrients a re  contained i n  r a i n  
f a l l i ng  over agr icul tural  and industr ia l  areas? 
of these nutrients t o  the a lga l  and aquatic plant growth potent ia l  of natural 
water? 
What i s  the contribution 
BACEROUND : 
There i s  scattered information i n  the l i t e r a tu re  concerning plant nutrients 
contained i n  r a in fa l l .  
rainwater contained 0.03 mg/l P and 0.2 mg/l t o t a l  N. When it i s  considered 
tha t  the Report of the Committee on Water &uality Cr i te r ia  recommends tha t  
phosphorus levels  i n  streams entering lakes and reservoirs should not ex- 
ceed levels  of 0.05 mg/l, the nutrients contributed by rainwater could be 
extremely important i n  respect t o  eutrophication of our natural  waters. 
For example, i n  Sweden it has been reported tha t  
The r e su l t s  w i l l  a id  i n  predicting the  contribution of plant nutr ients  
from the atmosphere i n  a par t icular  geographical area depending upon the 
annual precipi ta t ion and allow us t o  more r ea l i s t i ca l ly  determine t o  what 
levels nutrients must be reduced t o  prevent eutrophication of our natural  
waters. 
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"PLANKTON BLOOM FTEDICTIONS " 
PROBLEM NO. WP-22 
WHAT IS NEEDED: 
Determination of the onset o r  tr iggering of estuarine or  oceanic plankton 
blooms from heat budget terms such as incoming solar radiation, back radi-  
ation, e tc .  
BACXGROUND: 
To predict ,  hence be i n  a posit ion t o  control, the conditions required t o  
i n i t i a t e  the genesis of large amounts of plankton from a knowledge of easily- 
measured parameters. 
A s  a possible indicator of conditions l i ab le  t o  i n i t i a t e  eutrophic conditions. 
SUBMITTED BY: FWECA 
Name: Hend Gorchev 
Ti t le :  Technical Assistant 




3217-E(B 3 C) 
(1 copy unless otherwise noted) 
Assistant Director for Dissemination 
Technology Utilization Division 
Code UT 
National Aeronautics and Space 
Washington, D. C. 20546 (4 copies) 
Administrat ion 
Technical Reports Control Officer 
Code US 
Scientific and Technical Information 
National Aeronautics and Space 
Washington, D. C. 20546 (6 copies) 
Division 
Admini stration 
Scientific and Technical Information 
Facility 
Attn: NASA Representative 
P. 0. Box 33 
College Park, Maryland 20740 
(2 copies including camera-ready copy) 
Head 
Industrial Economics Division 
Denver Research Institute 
Denver, Colorado 80210 
Mr. Roy Bivins 
Techno logy Utilization Division 
National Aeronautics and Space 
Washington, D. C. 20546 
Admini stration 
Mr. George Edwards 
Mail Stop N-240-2 
Ames Research Center 
Moffett Field 
Mountain' View, California 94035 
Mr. James T. Dennison 
Electronics Research Center 
575 Technology Square 
Cambridge, Massachusetts, 02139 
Technology Utilization Office 
National Aeronautics and Space 
George C. Marshall Space Flight 
Huntsville, Alabama 35812 
Attn: Mr. David Winslow 
Administration 
Center 
M r .  James W. Wiggins, Chief 
Technology Utilization Office 
Code MS-T 
George C. Marshall Space Flight 
Center 
Huntsville, Alabama 35812 
Mr. Sam Snyder 
Mail Stop F-309 
Space Nuclear Propulsion Office 
Techno logy Utili z at ion Branch 
Germantown, Maryland 20545 
U.S.A.E.C. Slag. 
M r .  Clinton TY Johnson 
Box 273 
Flight Research Center 
Ectwards, California 93523 
Mr. John F. Stokes 
Code 206 
Goddard Space Flight Center 
Greenbelt , Maryland 20771 
Mr. John H. Drane 
NASA Pasadena Office 
4800 O a k  Grove Drive , 
Pasadena, California 91103 
Mr. James 0. Harrell  
Code GA-p 
John F. Kennedy Space Center 
Kennedy Space Center, Florida 32899 
Mr. Charles Shufflebarger 
Langley Research Center 
Langley Station 
Hampton, Virginia 23365 
Mr. Paul Foster 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Mr. John T. Wheeler 
Code BM-5 
Manned Spacecraft Center 
Houston, Texas 77001 
D r .  R. Jones, Director 
Center f o r  Application of 
Sciences and Technology 
Wayne State  UEiversity 
Detroit, Michigan 48202 
D r .  Allen Kent, Director 
Knowledge Availability Systems Center 
University’ of Pittsburgh 
Pittsburgh, Pennsylvania 15213 
I&. A. Kendall Oulie 
Western Research Application Center 
Graduate School of Business 
University of Southern California 
Los Angeles, California 90007 
Adlmini s t r a t  ion 
Dr. Robert 0. Harvey, Dean 
School of Business Administration 
University of Connecticut 
Storrs,  Connecticut 06268 
D r .  Joseph DiSalvo, Co-Director 
Aerospace Re search Applications 
Indiana University Foundation 
Bloomington, Indiana 47405 
Center 
D r .  James Brown 
Research Triangle Ins t i t u t e  
P. 0. Box 12194 
Durham, North Carolina 27709 
Mr. Peter J. Chenery 
North Carolina Science and 
P. 0. Box 12235 
Research Triangle Park, 
North Carolina 27709 
Technology Research Center 
Mr. Lee Zink, Director 
Technology Use Studies Center 
Southeastern State College 
Durant, Oklahoma 74701 
Mr. W i l l i a m  A. Shinnick, Director 
Technology Application Center 
Bureau of Business Research 
University of New Mexico 
Albuquerque, New Mexico 87106 
D r .  Ray Ware 
Southwest) Research Ins t i t u t e  
8500 Culebra Road 
San Antonio, Texas 78206 
